05/10/2004 18:17 FAX 512 338 Zagorln OBrien & Graham SPTO-Central 31021/028 

PATENT I-aXT" 

In the United States Patent and Trademark Office RECEIVED 

CENTRAL FAX CENTER 

Applicant(s): Marc Tremblay and William N. JOy MAY 1 3 2004 

Title: IMPLICITLY DERIVED REGISTER SPECIFIERS IN A PROCESSOR 



Application No.: 09/204,479 
Examiner: David Y. Eng 

Atty. Docket No.: 004-3289 



Filed: 

Group Art Unit: 



December 3, 1998 
2155 



OFHCIN. 



— ~~ May 10, 2004 

Mail Stop - Appeal Briefs - Patents 

COMMISSIONER FOR PATENTS 

P.O. Box 1450 

Alexandria, VA 22313-1450 

APPELLANT'S REQUEST FOR ORAL HEARING (37 C.F.R. § L194) 

Appellant hereby requests an Oral Hearing in the above-referenced Appeal. The fees 
required xinder 37 C.F.R. § M 7(d) are provided in the accompanying Transmittal. 



CERTIFICATE OF MAHJ Nr. OW TRANSMISSION 

I hereby certify thex^^n the date shown below, this 
correspondcnce^^^Dcpg 

ice with sufficient postage 
addressed to Commissiotier 
Alexandria, VA 22313-14S0. 

US Patent and Trademark Office. 




David W. O'Brien 



Date 



EXPRESS MAIL LABEL: 



] 




David W. O'Brien, Reg. No. 40,107 
Attorney for Applicant(s) 
(512) 338-6314 
(512) 338-6301 (fax) 



- 1 * -«r ro 

Req for Oral Hearing Application No.: 09a04^9 § 

CU Ll. 

PACE 21/28 • RCVD AT 5/10/20O4 7:10:32 PM [Eastern Daylight Time] • 8VR:U8PT -EFXRF-1/1 • DNI8:87293a6 • CSID:512 338 6301 * DURATION ^m-ss):lS2 o 



05/10/2004 18:18 FAX 512 338 



Zagorin OBrlen & Graham 



[rSPTO-Central 



31024/028 



W^' SEC. 3,3 



93 



I*; 



3, If K = N, the algorithm tenntoatus and the answer is on the stack. Otherwise 
add 1 to K and g to 2. 

Figoure 3-2^ shows the evaluation of Ihe same formula as in Fig. 3-28 but using a 
stack this time. Note that the numbci on top of the stack is the right operand, not 
the left operand. 

A computer organized around a 3tack offers several advantages compared to 
multiregister machines, such as the 37i>, Cyber 70, and PDP-U : 

1. Short instructions, because many instructions have no addresses. 

2. Formulas are easy to evaluate. 

3. There is no need for ooznpUcated algorithms to optfmize renter use. 

Althougji neither the 370> the Cyber 7( v nor the PDP-1 1 have stack arithmetic instruc- 
tions, some compilers for these maciines use the registers to simulate a stack in 
software, at a certain coat in performKnoc compared to having level 2 instructions to 
perform stack arithmetic directly. 

Although the PDP-11 does not hive stack arithmetic instructions, it does have 
• stack addressing. Register 6 is the mi .in stack pointer, although other registers may 
be used as stack pointers for au:id}Iiar/ stacks. The instructions to push a word onto 
a stack and pop a word off a stack us 5 autoindexing on the stack pointer. 

9^3*9- Addrosftfrtg on th« PDP-11 



The previous sections discussed a number of different addressing modes — ^imme- 
diate addressing, direct addressing^ i idirect addiessJngi indexing, and so on< There 
' stitt remains the question of how the hardware or level 1 int erpre ter knows whether 
' an address is immediate, direct, indirt^ct, indexed, and so on. One solution is to have 
a separate opcode for each addressing mode^hat is', separate opcodes for ADD 
r IMMEDIATE, ADD DIRECT, ADD INDIRECT, and so on. Another way is to 
make the mode part of the address. Each instruction could contain a few bits per 
address specifying which form of addrcsslns was desired. 

The PDP-11 has the largest numlor of adidressing modes of the level 2 machines 
^^•^ have examined and is worth examining in detail to see how the addressing works. 
l^ijF'Jsure 3-30(a) shows the format of ihe two-operand instructions, such as MOVE, 
pADD, COMPARE, and INCLUSIVE OR. Each operand has a three-bit addressing 
|^:tQode and a three-bit register field. The meaning of the modes is giym in Fig. 3-30Cb). 
:1.1^member that register 7 is the progr am counter and that it is advanced by 2 imme- 
'.diately after an instruction word is fetched (before the instruction Is executed). 

All PDP-l 1 Instructions are actus lly only 16 bits, but,, in some cases, ono or two 
i;>xtra words directly foUowhig the irutruction arc used by the instruction and can be 
considered part of it. Mode 6 and mode 7 addressing require a 16-blt constant for 
Indexing, Furthermore, if either mo<.e 2 or mode 3 is specified with register 7 (the 
:,-program counter), the following sequence of steps occurs. 
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•16-b5t word- 



Address 
N 



Soured 



Destination 



N 4 2 



4 4 



Opcode 


Source 




Source 


Oestl nation 


Destlnatton 


mode 




register 


mode 


register 


4 


3 




3 




3 




(Next 


word 1) 






16 




(Next 


word 2) 







Kane 



(a) 

How Ahe operand is located 



(b) 

Fl^ 3^. (a) I'ormat of a PI>P^.ii T^ddms lastruotfan. (b) Do- 
ecrtpciOD of ibe J*D)p-i i addlnatsJng modes. is the tester speclQed 
aloog vith tbe mode. 



0 


'Register 
addressing 


The operand Is In R» 


1 


Register 
Indi n»ct 


R contains a pointer to the operand. 




Autolncrement 


The content of R is fetched and used as a pointer to 
the operand. After this step, but before the instruction 
is executsd. R is incremented by 1 (byte Instructions) or 
t (word Instructions) - 


3 


Autolncrement 
Indirect 


The address of a memory word containing a pointer to the 
operand is fetched from R. Then R is incremented by 1 or 
2 before the instructien is executed. 


4 


AutOdecrement 


R la first decremented by t or 2. The new valuo of R is 
then used as a pointer to the operand. 




Autodecremsnt 
Indirect 


R Is first decremented by 1 or 2. The new value of R is 
then used as the address of a memory location containing 
a pointer to the operand. 


6 


Indexing 


The operand is at the address equal to the sum of R (the 
index register) and the 16 bit z's conpleiPent offset in the 
next word. In modes 6 and 7, the prograte counter (R7) Is 
incremented by 2 Immediately after the next word is fetched. 


7 


Indexing 4 
Indirect 
addressing 


The memory location containing a pointer to the operand Is 
found by adding the cohtents of R and the next word. In 
modes B^and 7, the program counter (R7) is incremented by 
Z immediately after the next word is fetched. 
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9B 



Fh«t, the instructioix is fatchisd and register 7 is laoreased by 2 (a word is two bytes). 
Then register 7 Is used as a pot:iter to the data (mode 2) or the address of the data 
(mode 3). In both cases, the wprd pointed to is the word following the instruction. 
After this word is fetched, the nutoineremcnting of register 7 takes place, increasing 
register 7 by 2. Autoincremen : addressing that specifies the program counter is a 
clever trick allowing the word jbllowlng the instructicn to be used as data. In mode 
2 this dau is the operand, yielcltng immediate addressing. In mode 3 this data is the 
address of the operand^ yieldLig direct addressing. If both source and destination 
require an extra word, the first one is for the source. 

The PDP-t 1 has an interesting form of addressing called aelf^eUtlve or position- 
tndepandent addressing. When n)ode 6 and register 7 arc specified, the operand address 
is found by forming the sum nf the index word following the ixLstrucdon and the 
program counter. In effect, the index word gives the operand address by specifying * 
how far away it is from the iostniction itself, either in ftont or behind. 

If all memory references uss this form of addressing instead of direct addressing 
(mode 3 with register 7), a pre gram can be loaded anyuliere in memory and it will 
run correct^. In addition, it cao also be moved after being loaded, because although 
the absolute addresses of the needed operands change, their distance f^om the instruc- 
tions referencing them remains fixed. 

As an example of the power of the FDP-l I addressing mechanism, consider the 
MOV instruction of Fig. 3-310.). This instruction moves the source operand to regi- 
ster 4. Figure 3-3 1(b) shows all Uie different variations of this instruction for different 
source modes and registers* 

Because both the source a<ldressing mode and the destitution addressing mode 
can be independently specified, a single opcode yields a large number of different 
instnictions. For example, the M>D instruction can be used to 

add a register to another register (0, 0) 
add a register to a mcmoiy word (0, 6) 
add a memory word to a register (6> 0) 
add a memory word to another memory word (6,6) 
•X pop a word fh)m a stack and {jdd it to a register (2, 0) 
%.P<^P A word from a stack and idd it to a memory word (2, 6) 
^^^ftdd an immediate operand to a register (2, 0) 
Add an immediate operand to a memory word (2, 6) 

an immediate operand to the top word on the stack (2, 1) 
^-add a register to the top word on the stack (0, 1) 
. Add 4 memory word to the top word on the stack (6, 1) 
[J^d a memory word to an indirectly specified address (6, 7) 
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Soum 

UMfl 

N 




Saurof 



Vtittnitlon 



ooe 



HOV 


Swroe 
H 


S«trc« 
K 


0 


4 


4 


3 


3 


J 


> 


(Mtjct i(oM> t 



ft » fi • s 



R - 7 



0 


HOMi R to ft4 
bmvUt NOV R3. R4 


Move «t«ck pointer to R4 
CftMpUl NOV 5P. R4 


Nove pr0flr«<s eointer to M 
btaapVi: NOV PC, R4 


1 


Himr vBwry itertf pointed 
ts R to R4 

Cxanylo: KDV Mt3. M 


Mm top of tRC >teck to ft4» 
but do fwt nmvo It fnnt 
.tbv stick 

(kftK^lc: rav «SP» ft4 


Novo It to 041 pragna 
eeuntar Is not lacroMntad 
apain so R vf 11 be eiceented 
as the next Instruction 
£x&i«»Te: NOV PPC. R4 




Novi lEnery word pointed to 
by { to R4 «nd Bdil f to R 

EXftApVc: NOV (R3)4>, R4 


ftcMVt » word froa tte stack 
end put U In R4 (pop 
Instruction) 
Cn^jlii MOV (SP)4^ R4 


Move K to R4 (Isiwdlsti) 
addrtsslns) 

enoplci NtW R4 


3 


Hovk to R4 tin wmmnj «erd 
oddwiid by tht word R volntt 
to» «Ad idtf 8 to R 

Ex«iip1«: NOV 9(R3)«, R4 


^op tha addnss of tbo sotirco 
opertM frost the sttdi, and 
qovi the source Optf^nd ItsoH 

UMmpUt M>V 9(SP)4, R4 


load Rd froa nenory addrvss K 
(dirvct addressinf) 

Cxaaplei HOV V «Z4, RZ 


4 


Ibomnt R hy Z ftnd tlh^ loirf 
R4 from cht Addreii R polntt to 

CuiplBt WV -(Ra). R4 


N«4indRa6lsfwt usifbl as 
B sourw; hOMtvsr It Is used as 
s dsstlnstlon In pitsti instructions 
bimpTe ef pushi WV *'«« -(S^) 


Not used 

(eavscs an Infinite loop) 


B 


Decronent R by 2 «nd thM iMtf 
R4 Irtdirttctb frm the ftddrMs 
R V pints to 

Unplti NOV •-(RS), R4 


Not ultd 


Not (Odd 

(cavsas an Infinite loop) 


6 


Load R4 with the vmorr word 
at t(ft} + K (Indexing] 

E)i4mpl*i WY 74(R3}< R4 


Losd R4 wf Tfi the ward IC/2 words 
\mla» tt)e top of tht stick 

.Ciiasplei mi R4 


Load M with the mrd K/Z 
Hordft fro* this Instmctton 
(self rfTstivo addrHtiRO) 
CxupTiT NOV X, R4 
MOt«: Thf asseift1«r eonputas 
the approprtate constant to 
addrets K 


7 


Laid R4 If 1th tftt moty Hor« 

BolBted to CfR) + It 
(Irdnrfnd ♦ Itidlract Iddrastln)) 

CRItipU! WV «4(R3)« ft4 


iMd R4 fro» tho word v))mi 
address U X/t wor di faalow 
the top of the Itadt 

Eiuctpla; KOV K4{5P), R4 


Lbid 1t4 with the word po1nt«d 
to by the word K bytes f reiP 
thfs (pttmctloo (Indiract 
addi^sfng) 
Uanploi AOV PX, R4 
Note: Thd iuatihlar eovptrtdi 
the appropriate constant to 
address t 



Ft^ML (a}APD}>i.nhstructlaEnthatmovetawordtoxcgiiti]r 
R4. (b) PJfflfitent variitioDP of Ibis instruction for <Uflbre«i tewfio 
inod«t and registefi. it is the nglfitar and Cm h ita oontf nti. Tht 
asiemUy hAfiuago notation 19 showa in (b* dxamples. 

96 
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add a register to an indircctlj specified address (0^ 7) 

add an immediate operand tc an indirectly specified address (2, 7) 

as well as numeroas other p?ssibiUties. The numbers in parentheses are the source 
aad destination modes. Note that mode 6 can always be replaced by mode 3 ; that is, 
memoiy can be addressed seTNrelative or directly. Also note that mode 1 with register 
6 nses the top word of the si ack as a source or destination but does not remove it 
from the stack, whereas mods 2 with register 6 does remove it. 

Although only one opcode is used, the PDP-11 ADD instruction has dozens of 
distinct and usefUl variations. If all the variatloDS of all 12 two-address instructions 
were counted as separate ins; motions, the PDP-11 would have hundreds of instruc- 
tions. Because of the extremi! flexibility of its addres^ modes, the PDP-tl has a 
far more powerful and usefU:. instruction set than the instruction list might indicate 
at first glance. 

3.3.9. Discussion of Addrass ng Modes 

In contrast to the PDF-} U the 370 and Cyber 70 (which were designed years 
before the PDP-11) lack indirect addressing^ autoindexing, and stack addressing. 
Furthermore, the addressing modes of their operands ar^ not independently spedfl- 
able. For example, the 370 hzs different opcodes for add memory to register and add 
register to registerj and no instructions to add a register to a mem^ won! or one 
memory word to another. Cn«ra is an instruction to add two numbers in memory in 
decimal format, however.) 

The freedom of a compute r designer to include or exciuda certain types of address- 
ing from a new machine is severely constrained by the number of bite available for 
encoding the addresshxg infoimadon. For instance, let us consider why the Cyber 70 
. docs not have RX (register to memory, indexed) instructions, like the 370. These 
instrtjctions require a memory address and two registers— one for the data and one 
for the indexing. 

On the Cyber 70, a memcry address uses 18 bits (although 17 would snfBce) and 
a register 3 bits, making 24 rrfta for a memory address and two regfstcts. A ^O-hit 
histructlon would leave on^y s x Wts over for the opcode. RX instructions for addition, 

; subtraction, multiplication, or division of integers or floating-point numbers would 
.each require a separate opcc de, and as wc have seen, spare opcodes are in short 
supply on the Cyber 70. 

As another example, consider why the IBM 370 docs not have three-register 
jwldressing as the Cyber 70 does. Adding a third four-bit register field to the RR 
instructions would have reqi;tred extending those instructions to 20 bits, hardhr a 

, ^tasonable value considering that all the other instructions lengths are multiples of 
^h^ word. The RR Instruct ions could have been extended to 32 bits, but doing so 

. would have been very wastcftil of space, unless a use could have been found for the 

^ Jcmaining 12 hits. 

Moreover, allowing three . egisters in the RR format (which yvould probably have 
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